This paper explores the role of tax policy in shaping incentives for executive effort (labor supply) and rent seeking within the firm. We develop a theoretical model that distinguishes between effort and rent-seeking responses to income taxes, and provides a framework to estimate a lower bound for the rent-seeking response. Using executive compensation and governance data, we find that rent seeking represents an important component of the response to changes in tax rates, especially among executives in firms with the worst corporate governance. (JEL D31, G30, H21) * We are grateful to three anonymous referees for helpful comments. We also thank
I. INTRODUCTION
The soaring incomes of the so-called "1%" of income earners have ignited significant controversy in both public opinion and academic discourse. Lavish pay at the top, coupled with yawning federal budget deficits and shrinking public services, has generated growing public support for greater taxation on the rich. Opponents point out the "big tradeoff" between equality and efficiency. 1 Since economic growth and job creation after the recession have been tepid, a particularly pressing policy concern is the efficiency cost of taxing top income earners.
The extent that inequality has increased in the last decades is evidenced by the doubling of the share of the top 1% from less than 10% in the 1970s to over 20% in the late 2000s (Piketty and Saez 2003) . The rise in top income shares is largely driven by income growth of executives 1. The "big tradeoff" alludes to Arthur Okun's prominent book Equality and Efficiency: The Big Tradeoff. Diamond (2016) provides a brief overview of several market and policy factors responsible for the rise of inequality in the United States.
(managers and supervisors) and financial professionals, which together account for 58% and 67% of income growth of the top 1% and 0.1%, respectively (Bakija, Cole, and Heim 2012) . While increased executive pay might be consistent with efficient compensation schemes, several studies advance that corporate executive pay contracts, at least in recent decades, are inconsistent with principles of optimal contract design. 2 As a result, executives would be afforded compensation in excess of that necessary to optimally mitigate agency and incentive problems, thereby conferring economic rents from shareholders to executives. Because of the importance of executive compensation in economic efficiency and the rise of inequality, we focus on executive incomes to gain insight into the consequences of the potential cost of increasing top tax rates and reversing the rise of top incomes.
In both the United States and other Englishspeaking countries, there is a strong long-run correlation between tax cuts and top income shares (Frydman and Molloy 2011; Piketty, Saez, and Stantcheva 2014; Saez 2016) . Early studies advanced that the subsequent rise in top incomes was the result of increases in labor supply (Feldstein 1995; Lindsey 1987) . However, the empirical evidence does not accord with the standard supply-side explanation (Heckman 1993; Saez, Slemrod, and Giertz 2012) . In view of this evidence, an alternative explanation for the relationship between tax cuts and top income shares might be greater rents afforded to top income earners. Piketty, Saez, and Stantcheva (2014) (henceforth, "PSS") document suggestive empirical evidence that tax cuts might encourage rent seeking (increased "compensated bargaining") among top income earners. The primary piece of evidence is that tax cuts are associated with higher pretax income shares of the top 1%, both within the United States over time and across countries. But, tax cuts are not associated with greater economic growth as standard supply-side arguments would predict. PSS leverage these results to infer that the rent-seeking elasticity is (at least) 0.3, while the supply-side (effort) response is (at most) 0.2, implying that rent-seeking response represents at least 60% of the total response to changes in tax policy. PSS supplement the macrobased evidence with suggestive micro-based evidence documenting that the elasticity of pretax income with respect to top marginal income tax rates is inversely related to measures of corporate governance using cross-country variation in top tax rates, and that pay-for-luck was greater during low-tax periods. 3 PSS do not, however, leverage the micro-based evidence to estimate the rent-seeking response, and there are a number of concerns with the empirical evidence, such as endogeneity of tax rates across countries and the interpretation of the pay-for-luck findings. 4 3. The former finding is based on cross-sectional CEO pay across countries (in 2006) , whereas the later finding is based on time series CEO pay within the United States .
4. That is, the finding that pay-for-luck was lower in the 1970-1986 (high-tax) period than the 1978-2010 (lowtax) period might be explained by alternative factors, such as the dramatic increase in option-based pay between the two periods.
The contribution of the present paper is to develop a theoretical model that distinguishes between productive effort and rent-seeking responses, and provides a framework for estimating a lower bound of the rent-seeking elasticity. The primary insight is that the rent-seeking elasticity is strictly positive whenever the elasticity of income is decreasing in corporate governance. We leverage the theoretical model to generate a unique empirical approach to uncovering a lower bound of the rent-seeking response using variation in the elasticity of income across executives in firms with varying corporate governance, thereby overcoming endogeneity concerns associated with using aggregate country-level variables.
We employ a panel of executives with executive fixed effects, which exploits variation in top marginal tax rates over time for a single executive. The use of fixed effects overcomes the concerns with the micro-based evidence documented in PSS, which relies on cross-country variation in top marginal tax rates at a single point in time. We use executive compensation data for the top five paid executives in Standard and Poor's (S&P) 1,500 companies from the Execucomp database for the period 1992-2005. We follow a similar empirical strategy as Goolsbee (2000) and Frydman and Molloy (2011) to examine the elasticity of taxable income with respect to the net-of-tax rate. We decompose the elasticity of income across various measures of corporate governance, using a well-known index of corporate governance-the so-called E Index-proposed by Bebchuk, Cohen, and Ferrell (2008) , among several other measures. Using the framework of the model, we find that rent seeking constitutes an important component of executives' response to changes in marginal tax rates. In particular, we find that the rentseeking response represents at least 54% of the total response to changes in tax policy, which is quite similar to the lower bound derived by PSS using cross-country regressions.
While the literature generally finds that the elasticity of income with respect to marginal income tax rates is modest or even zero (Saez, Slemrod, and Giertz 2012) , we find that the elasticity of income is actually quite large for executives in firms with the worst corporate governance, where rent seeking is most prevalent and a larger component of executive income. Consequently, an implication of our study is that the rent-seeking response to changes in tax policy is dissuaded, at least in part, by good corporate governance. Conversely, tax policy can serve as a substitute to corporate governance (to an extent) in discouraging rent-seeking and in turn increasing efficiency.
II. MODEL
In this section, we advance a simple model of executive income given endogenous effort and rent seeking using a similar framework as PSS. In particular, executive income consists of income earned from productive effort y and rent seeking (or "compensated bargaining") b, while before-tax earnings are given by z = y + b. Utility is a function of disposable (after-tax) income z − T(z), where T(z) is taxes paid and τ = T ′ is the marginal tax rate, and the cost (disutility) of productive effort and rent seeking. That is,
where c(y) and e(b) are costs associated with effort and rent seeking, respectively. Both functions are assumed to be increasing and convex.
To retain simplicity and tractability, we abstract from hidden compensation and tax avoidance. 5 Executives choose y and b to maximize utility, implying the following first-order conditions:
(2)
(1 − τ) = c ′ (y) and
(1 − τ) = e ′ (b) .
Convex costs thus imply that effort and rentseeking are increasing in the net-of-tax rate (1 − τ). That is,
The elasticity of income with respect to the netof-tax rate ε therefore consists of two components 6 (4)
where θ is the share of income earned from rent seeking, e y is the elasticity of productive effort with respect to the net-of-tax rate, and e b is the elasticity of rent seeking with respect to the netof-tax rate. Because earnings and marginal tax rates are observable, it is possible to ascertain the 5. In the subsequent section, we demonstrate that "Other Compensation," which is a form of hidden compensation, represents a relatively small share of income and is unresponsive to changes in tax policy. Kuhnen and Zwiebel (2008) analyze the role of hidden pay in executive compensation, which is beyond the scope of this paper.
6. The elasticity of income is defined as ε ≡ d ln z/d ln(1 − τ), and so on for other elasticities. elasticity of income with respect to the net-of-tax rate ε. We are, however, interested in disentangling the effort elasticity component ε y and the rent-seeking elasticity component ε b .
A. Corporate Governance
While corporate governance is often broadly defined, we consider corporate governance as the set of institutions of the firm, which bear on the cost of rent seeking. We denote the "quality" of corporate governance as the scalar g ∈ g, g ] and assume that the cost of rent seeking is increasing in corporate governance. Corporate governance would include, for example, institutions that entrench the executive and make it more costly or difficult to remove the executive as well as strengthen monitoring of executives (the former would be associated with lower quality corporate governance, whereas the latter would be associated with higher quality corporate governance). 7 We discuss empirical measurement of corporate governance in more detail in the subsequent section. For simplicity, we assume the following cost functions:
and
where α and β are cost parameters, and A is an increasing function. As expected, the share of income earned from rent-seeking is decreasing in corporate governance. That is,
where θ ′ < 0. The elasticity of income with respect to the net-of-tax rate is therefore
Because the share of income earned from productive effort (rent seeking) is increasing (decreasing) in corporate governance, the effort (rent-seeking) elasticity is increasing (decreasing) in corporate governance. That is, dε y (g) ∕dg = −θ ′ ∕β > 0 (8) and
dε b (g) ∕dg = θ ′ ∕α < 0.
7. While some aspects of corporate governance are endogenous with respect to executive characteristics and decisions, there are also firm institutions that are not subject to executive decisions, such as corporate charters and bylaws, as well as state and federal laws. Expression (8) implies the following result. Because governance has confounding effects on the elasticity of income, the role of governance in the elasticity is ambiguous (however, α ≥ β ⇐⇒ ε ′ ≥ 0).
RESULT 1. The rent-seeking elasticity ε b (g) is bounded below as follows:
Consequently, the rent-seeking elasticity lower bound is strictly positive whenever ∃g ′ > g such that ε(g) > ε(g ′ ). In this case, the fraction of the elasticity income with respect to the net-of-tax rate due to rent-seeking is bounded below as follows:
Proof. The rent-seeking elasticity lower bound is derived as follows:
which implies the result as the rent-seeking elasticity is non-negative. ◾ COROLLARY 1. The rent-seeking elasticity lower bound is strictly positive whenever the elasticity of income is monotonically decreasing in corporate governance. Moreover, the argmax g * = g implying that
Intuitively, because the productive-effort elasticity is greater among executives in firms with better corporate governance, that the overall elasticity of income is greater among executives in firms with worse corporate governance is evidence of a strictly positive rent-seeking response. In particular, the difference in the rent-seeking elasticity between an executive with worse and better corporate governance must be less than the difference in the elasticity of income, implying that rent-seeking elasticity is bounded below by the difference in the elasticity of income whenever that difference is non-negative.
While the rent-seeking elasticity is generally unobservable, Corollary 1 elucidates a sufficient condition for uncovering a rentseeking response to changes in marginal tax rates that is empirically verifiable. Consequently, the empirical analysis in the subsequent section is aimed at assessing whether the elasticity of income is decreasing in corporate governance. Moreover, if indeed the case, then we can estimate a rent-seeking lower bound by comparing the elasticity of income with the elasticity of income among executives with the best corporate governance.
The model has been kept intentionally simple for clarity and to generate a straightforward empirical approach to uncovering a lower bound for the rent-seeking elasticity. That the productive-effort elasticity is increasing in governance, whereas the rent-seeking elasticity is decreasing in governance (Expression (8)), is a sufficient condition for Result 1 and Corollary 1. In turn, a sufficient, but not necessary, condition for expression (8) are the specific, and highly stylized, cost functions given in Equation (5). In particular, the constant-elasticity cost functions imply constant elasticity of productive effort and rent seeking with respect to the net-of-tax rate, while the cost-shifter parameter A(g) implies that the share of income associated with productive effort is increasing in governance (conversely, the share associated with rent-seeking is decreasing in governance), thereby implying expression (8).
Because the cost functions (5) are sufficient, but not necessary conditions, Result 1 and Corollary 1 are consistent with a number of generalizations. For example, corporate governance might instead (or in addition to) shift the cost elasticity parameter α(g) such that α ′ (g) > 0. Because corporate governance is associated with greater pay for performance (Bertrand and Mullainathan 2001) , it is also plausible that corporate governance reduces the cost of productive effort (increasing the benefit of exerting effort is tantamount to reducing the cost). 8 That is, c(y) = B(g)/(1 − β)y 1 + β where B ′ (g) < 0. In this case, for a given rent-seeking elasticity, the rent-seeking lower bound would be less than it would be otherwise, making it less likely to uncover a positive rent-seeking response.
8. That corporate governance reduces the cost of productive effort (or increases the benefit) is also indirectly supported by studies documenting that corporate governance is positively related to firm value (Gompers, Ishii, and Metrick 2003) and productivity (Bertrand and Mullainathan 2003) , though the evidence of the role of corporate governance in firm value is mixed (Core, Guay, and Rusticus 2006) .
III. EMPIRICAL ANALYSIS

A. Data Sources
Compensation of the five highest-paid employees for the S&P 1,500 corporations are provided by Execucomp database, spanning from 1992 to 2011. This is a panel data of executives including detailed components of compensation. Also, Compustat North America, which includes the Execucomp database, contains various firm-level financial variables. 9 We employ firm-level corporate governance data compiled by the Investor Responsibility Research Center (IRRC) and provided by Riskmetrics. The IRRC Takeover Defense database has been used to construct several corporate governance indicators, the most well-known being the so-called Governance Index (henceforth, G Index) by Gompers, Ishii, and Metrick (2003) and the Entrenchment Index (henceforth, E Index) by Bebchuk, Cohen, and Ferrell (2008) ; the latter refined the former 24 provisions composing the G Index to six key indicators. We focus primarily, but not exclusively, on the E Index because, as discussed by the authors, several provisions are superfluous. As an alternative measure of governance, we also employ a measure of takeover protection constructed from 17 takeover laws by Cain, McKeon, and Solomon (2017) . Finally, we use the TAXSIM Model to simulate maximum marginal tax rates across states and across time, accounting for the combined effect of federal and state taxes. 10
B. Tax Policy and Accounting for Tax Rates
From 1993 to 2003, a number of federal tax acts increased, and then decreased, marginal tax rates, along with changes at the state level, which can be used to identify the elasticity of taxable income. We briefly recount the major changes in the federal tax code. The Omnibus Budget Reconciliation Act of 1993 raised the top marginal income tax rate (for married, joint filers with taxable income greater than $250,000) from 31% to 39.6%. The Economic Growth and Tax Relief Reconciliation Act of 2001 contained a number of tax provisions that were phased in over several years. Many of the tax reductions were designed to be enacted over the course of up to 9 years; 9. See Goolsbee (2000) for a more detailed discussion of the data, which are used extensively.
10. Table 1 defines all of the variables used and provides their respective sources. however, the Jobs and Growth Tax Relief Reconciliation Act of 2003 accelerated the reductions for 2004 and 2006, which were retroactively enacted to apply to the 2003 tax year. On July 1, 2001 and January 1, 2002, the year 2000 income rates (28%, 31%, 36%, and 39.6%) were reduced by 0.5 percentage points, reducing each rate by 1 percentage point. More reductions were scheduled for the beginning of 2004 and 2006, reducing the top rate by an additional 2.6 percentage points and the next three rates by an additional 2 percentage points. The 2003 tax cut accelerated these reductions, thereby lowering the rates to 25%, 28%, 33%, and 35%, which were effective for the 2003 tax year. All of the reduced rates have been in effect until 2012.
One of the drawbacks of using the Execucomp database, rather than tax return data, is that we cannot observe all components of total taxable income, including capital gains income, income of the spouse, and tax deductions. We follow the conventional approach in calculating earned income, which assumes that all executives are married and file joint income tax returns, and have no household income outside the firm. While several, or even most, studies rely on variation in federal marginal tax rates (Frydman and Molloy 2011; Goolsbee 2000) , we follow several more recent studies using variation in state tax rates, as well as federal rates (Eissa and Giertz 2006; Katuscák 2009 ), using the TAXSIM Model simulator. To circumvent the problem of endogenous tax rates for individuals around the tax bracket cutoffs, we follow previous studies (Eissa and Giertz 2006; Goolsbee 2000) that exclude executives with permanent income below the topbracket, where permanent income is defined as the mean income in the sample. 11 In particular, we follow Eissa and Giertz (2006) and exclude executives who have permanent income less than $400,000 (in 2006 dollars). 12
C. Executive Compensation and Firm Data
We focus on taxable income, which is comprised of the following components: salary, bonus, options exercised (Incentive Stock 11. Of course, permanent income might also be endogenous and limiting the sample might bias the results. For consistency with the literature and to maintain the focus of the paper, we rely on Goolsbee (2000) , who addresses these issues and finds that the results are insensitive to various cutoffs and tax rate definitions.
12. Eissa and Giertz (2006) claim to use the same cutoff (after adjusting for inflation) as Goolsbee (2000), using $376,000 in 2004$, which is roughly $399,000 in 2006$.
Options [ISOs] and Nonqualified Stock Options
[NQSOs]), long-term incentive payouts (LTIP), and restricted stock grants. We also disaggregate taxable income and look at the effect of tax rates on salary and bonus and options exercised separately, as well as the effect on compensation including non-taxable income. In general, all forms of taxable income are taxed at the personal earned income tax rate, except for ISOs, which are taxed at the capital gains rate upon sale. ISOs, unlike NQSOs, are not deductible against corporate profits and have an annual cap of $100,000 per-executive and, therefore, represent roughly 5% of options exercised. As conventional, we assume all options exercised are NQSOs. (See Hall and Liebman 2000 for a detailed discussion of the taxation of executive compensation.) Following Frydman and Molloy (2011), we control for firm-specific variables including market value, sales, leverage, and market-to-book ratio. To properly account for firm-level data and tax rates, it is necessary to omit firms with fiscal years straddling more than 1 year (i.e., firms with fiscal years not ending in December), which excludes about 40% of the observations. 13 In addition to the usual set of controls employed in estimating the elasticity of taxable income, we also account for firm-level corporate governance-both as a determinant of taxable income and as a determinant of the elasticity of taxable income (interactive effect). Toward this end, we include the so-called E Index proposed by Bebchuk, Cohen, and Ferrell (2008) , which is a categorical variable ranging, in ascending (descending) order in which the institutions of the firm favor executives (shareholders), from 0 to 6 based on the number of takeover defense provisions in place. 14 The G Index, developed by Gompers, Ishii, and 13. The assumptions concerning ISOs and excluding firms with fiscal years not ending in December pertain to all studies cited here. Typically, firms have fiscal years not ending in December to avoid having accounting deadlines coincide with periods of high business activity (e.g., retail sales). As far as we know, no studies have attempted to assess or remedy this shortcoming.
14. The six provisions include (1) staggered boards (directors are elected in overlapping terms, rather than simultaneously), (2) limitation on shareholders' ability to amend corporate bylaws through majority voting, (3) limitation on shareholders' ability to amend the corporate charter, (4) supermajority shareholder vote to approve a merger, (5) golden parachute (severance agreement providing benefits to executive in event of firing or change of control), and (6) poison pill (shareholder right that renders the company unattractive to a potential acquirer).
Metrick (2003), follows a similar methodology, using an additional 18 (thus, 24 in total) defense provisions, which are closely related to the provisions included in the E Index, but also including six state laws related to corporate governance. 15 The G Index and, more recently, the E Index have been extensively used and it has been empirically demonstrated that shareholder rights are positively related to higher firm value, higher profits, higher sales growth, and lower capital expenditures.
D. Summary Statistics
Starting in 2006, the reporting of several Execucomp variables changed significantly and, starting in 2007, the variables needed to create the G and E Indices were no longer collected. Thus, we use data spanning from 1992 to 2005 (the limitation is not particularly unfavorable because there were no major changes in the federal tax code after 2004). 16 Before imposing any qualifications, the data contain 71,912 executiveyear observations. After eliminating executives with permanent income below $400,000, at firms with fiscal years not ending in December, at firms without E Index data, or missing state residency data (therefore, we cannot assign a marginal tax rate), the sample is reduced to 31,297. Executives are observed in the sample for 8 years on average, with a standard deviation of 3.7 years. Table 2 reports summary statistics by E Index quartiles. 17 The average taxable income in the sample is $2.4 million and the median taxable income is $989,000, indicating that the distribution is highly skewed. The relationship between E Index and taxable income appears negative-the lowest E Index quartile has the highest average taxable income ($3.3 million), whereas the highest and second highest quartiles have the lowest average taxable income (approximately 15. Gompers, Ishii, and Metrick (2003) , Appendix 1 for a description of all of the provisions.
16. The data necessary to create the G and E Indices are only available for the years 1993, 95, 98, 00, 02, 04, and 06. We use lagged variables in missing years, except for 1992 and 1997 we use 1993 and 1998 data, respectively. The results are robust to using only nonimputed values; however, the longrun elasticity of taxable income cannot be estimated without continuous years. This is further discussed in the robustness checks.
17. We use quartiles rather than indices because several indices have very few observations (less than 1% of observations have E Index equal to six). E Index quartiles correspond to E Indices 0-1 (7,712 observations), 2 (7,238 observations), 3 (8,957 observations), and 4-6 (7,390 observations). $2 million). 18 Median taxable income, however, exhibits markedly less variation across E Index quartiles ($1.15 million is the maximum, whereas $0.90 is the minimum). Table 2 also reports firm attributes by E Index quartiles. The relationship between the E Index and firm size is clearly negative-the average market value of the lowest E Index quartile is more than four times greater than the market value of the highest E Index quartile. The median values display less variation across quartiles, indicating that, similar to taxable income, the distribution of market value is highly skewed. The market-to-book ratio is also negatively related to a firm's E Index, indicating that firms with lower E Indices have greater growth potential than firms with higher E Indices.
E. Regression Analysis
The standard specification to estimate the elasticity of taxable income takes the form:
The variable α i represents executive-firm fixed effects, X i, t represents firm-specific variables (market value, sales, leverage, and marketto-book ratio in the previous period) and time-specific variables (time trend or year dummies) and ε i, t represents a random component. The variable (1-τ i, t ) represents the net-of-tax rate, where τ i, t is the maximum combined federal and state marginal tax rate. The estimated coefficient β, therefore, represents the elasticity of taxable income. We add to the standard specification by controlling for firm-specific corporate governance (the E Index) and interacting corporate governance with the net-of-tax rate. That is, we estimate the following baseline specification
is an indicator variable equal to 1 if the executive belongs to a firm with an 18. While this relationship might seem unexpected, the observation is consistent with corporate governance increasing the benefit of productive effort as discussed in Section II. E Index belonging to the E j quantile and 0 if otherwise. 19 Recall, the E Index is decreasing in corporate governance. The coefficient β j , therefore, represents the elasticity of taxable income for an executive belonging to a firm with E Index quantile E j . The baseline model uses E Index quartiles (identical to summary statistics). 20
Regression Results. Table 3 reports the regression results for estimating the elasticity of various forms of compensation with respect to the net-of-tax rate. Specification (1) estimates the standard specification, without controlling for E Index quartiles. The estimated (short-run) elasticity of taxable income for the entire sample is 2.55, and is significant at the 1% significance level. Specification (2) indicates that the elasticity of income varies significantly across E Index quartiles-the elasticity of the lowest quartile is 1.53, whereas the elasticity of the highest quartile is 3.32.
The elasticity of other forms of compensation follow a similar pattern as taxable income, although varying in magnitude as expected. In particular, the dependent variable Total Pay, which includes taxable income and Other (nontaxable) compensation, is similar to the estimates for the elasticity of taxable income. 21 As expected, the elasticity of Salary and Bonus (Cash) compensation is relatively small compared to the elasticity of exercised stock options (Options), which is quite large. As mentioned, nonperformance-based compensation (including Salary and Bonus) in excess of $1 million cannot be deducted from corporate profits, thus marginal increases in compensation are typically incentive-based pay (predominantly options), reflecting their relative tax advantage.
As pointed out by Goolsbee (2000) and Hall and Liebman (2000) , contemporaneous responses to the net-of-tax rate may represent income shifting rather than "permanent" responses. Using the contemporaneous and future net-of-tax rate is the standard approach to 19. We use dummy variables for E Index because there is no, a priori, reason the relationship should be linear, nor should we rule out a nonmonotonic relationship. 20. That is, E j ∈ ℰ ≡ {{0, 1}, 2, 3, {4, 5, 6}}. 21. That the elasticities of Income and Total Pay are similar implies that "Other Compensation," which is primarily nontaxable income, is unresponsive to changes in tax policy. Indeed, we also find that the elasticity of Other Compensation is zero and is unrelated to corporate governance (not reported). Compensation not counted elsewhere and is predominantly nontaxable (Goolsbee 2000) , including severance payments, signing bonuses, 401 K contributions, among others JMS Change in the value of the executive's portfolio of stocks and stock options from a $1,000 change in firm value. The value of the executive's portfolio is calculated by adding the number of shares owned and the number of (exercisable and unexercisable) unexercised, in-the-money options, the latter multiplied by 0.7 following Baker and Hall (2004) Herfandal Index of institutional investor ownership concentration E Index Categorical index of firm "Entrenchment," ranging from 0 to 6, in descending order of shareholder rights (ascending order of executive power) G Index Categorical index of firm "Governance" constructed by Gompers, Ishii, and Metrick (2003) , ranging from 0 to 24, in descending order of shareholder rights. See Section III.C for more details Net-of-tax rate (1 − τ)
Maximum tax rate (total federal and state) for an additional $1,000 of income on an initial $1,500,000 of wage income. The taxpayer is assumed to be married and filing jointly. allowing individuals to anticipate as well as react to tax changes. 22 If anticipation is important then the forward net-of-tax rate should be negatively related to current taxable income; that is, future tax increases should increase current taxable income. The sum of the short-run (contemporaneous) and the anticipation elasticity represents the long-run (or at least non-transitory) response to the net-of-tax rate. Certainly this is an important consideration to explore here-it may be that poor corporate governance (higher E Index) only affords greater discretion in the timing, rather than level, of the response to changes in the net-of-tax rate.
22. Using the forward net-of-tax rate is problematic for a number of reasons; however, we follow the conventional approach because remedying these problems is beyond the scope of this paper. The primary objective is not necessarily to determine precise long-run estimates, but to show that the differences in the short-run elasticities (which are measured more precisely) are not merely a reflection of differences in timing. Specification (7) indicates that the anticipatory responses are remarkably similar for all quartiles; however, the contemporaneous elasticities remain larger for higher quartiles. The longrun elasticity of taxable income to changes in the net-of-tax rate for all executives is approximately 0.5 (specification 6), which is within the range of estimates in the literature, and ranges between 0.04 for executives with the lowest E Index and 0.8 for executives with the highest E Index. 23 While the average elasticity is relatively low and in fact almost negligible for executives in firms with good corporate governance, it is quite large for executives in firms with the worst corporate governance. A Wald-type test rejects the null 23. Consistent with Goolsbee (2000) and Frydman and Molloy (2011) (among others), we find significant short-run responses to taxes, but modest long-run responses. Goolsbee (2000) , for example, finds that the short-run elasticity "exceeds one," whereas the "elasticity after one year is at most 0.4 and probably closer to zero." hypothesis that the long-run elasticities among each pair of quartiles are equal. These results are even more pronounced when we employ the federal, rather than state-specific, net-of-tax rates, which are reported in specification (8). 24 Estimating the Rent-Seeking Elasticity. Recall Corollary 1 indicates that the rent-seeking elasticity is strictly positive whenever the elasticity of income is monotonically decreasing in corporate governance. Because corporate governance is decreasing in the E Index, the elasticity of income 24. Using federal tax rates entails losing fewer variables and overcomes possible endogeneity resulting in executives moving across state borders. is monotonically decreasing in corporate governance in all specifications. In particular, using specification (2), a Wald-type test rejects the null hypothesis that the elasticities among each pair of quartiles are equal at the 1% significance levels. Moreover, pairwise testing that the various elasticities are equal are rejected at conventional significance levels. 25 That the elasticity of the first quartile is equal to the elasticity of fourth 25. The hypothesis that the elasticity of first (lowest) quartile is equal to the elasticity of the second quartile is rejected with p value = .05; that the elasticity of third quartile is equal to the elasticity of the fourth quartile is rejected with p value = .06; that the elasticity of the first quartile is equal to the elasticity of third quartile is rejected with p value = .03; and that the elasticity of the second quartile is equal to the elasticity of fourth quartile with p value = .04. 208 .209 .251 .131 .149 .195 .197 .120 Notes quartile is strongly rejected at all conventional significance levels (p value = .0002). Table 4 reports the lower bound for the share of the elasticity of income associated with rentseeking as derived in Corollary 1 for various forms of compensation (specifications 2-5 in Table 3 ). 26 Recall that the lower bound of the rent-seeking elasticity among executives in firms with the best corporate governance is zero by definition. For taxable income, the results indicate that the share of the elasticity associated with rent-seeking is at least 54% (significant at the 1% significance level) among executives in firms with the worst corporate governance, 26 . The standard errors of the transformed coefficients are calculated using the delta method. decreasing to at least 39% and 36% among executives in firms with the second and third worst corporate governance, respectively (significant at the 5% and 10% significance levels). The lower bound of the rent-seeking elasticity for other types of compensation and the corresponding standard errors are also reported in Table 4 .
F. Alternative Measures of Corporate Governance
This section investigates alternative measures of corporate governance to corroborate the results in the previous section.
First, to address endogeneity concerns, we reestimate the primary specifications of Table 3 using Takeover Index quartiles. The Takeover Notes: The coefficients for specifications (1)-(4) are calculated from Table 3 specifications (2)-(5). Following Corollary 1, the coefficients are calculated as 1 less the ratio of the elasticity of income to the elasticity of income for the first quartile E Index. Standard errors are calculated using the delta method and are in parenthesis.
*p < .1, **p < .05, ***p < .01
Index represents the probability of a hostile takeover and ranges from 0.01% to 0.63%. Table 2 reports that the overall mean value is 0.18%, where the mean value is slightly increasing in the E Index (Cain, McKeon, and Solomon 2017 find a similar relationship). Table 5 reports the elasticity of various forms of compensation with respect to the net-of-tax rate according to Takeover Index quartiles, where I{H ∈ H j } is an indicator variable equal to 1 if the executive belongs to a firm with a Takeover Index within the j th quartile of the distribution. Because corporate governance is positively related to the Takeover Index, Table 5 demonstrates that the elasticity of various forms of compensation with respect to the net-of-tax rate is inversely related to corporate governance, which is consistent with the baseline results.
Second, based on the observation that firms with better corporate governance are better at aligning firm and managerial incentives (Bertrand and Mullainathan 2001) , we employ executive pay-for-performance measures as proxies for corporate governance. As pointed out by Jensen and Murphy (1990) , there are many mechanisms through which pay-for-performance can be achieved; however, the primary mechanisms are ownership of stock and stock options. Following Baker and Hall (2004) , we calculate the (equivalent) shares owned from the number of shares and unexercised stock options held by the executive. We refer to the change in executive wealth from all stocks and unexercised stock options held from a $1,000 change in firm value as the Jensen-Murphy statistic (JMS). Similarly, we refer to the change in executive's wealth from all stocks and unexercised stock options held from a 1% change in firm value as equity-at-stake (EAS). 27 Table 2 summarizes the JMS and EAS by E Index quartile. For all E Index quartiles, the value of stocks and stock options increases by $9.58 on average whenever the value of the firm increases by $1,000, whereas the median value increases by $2.35. Similarly, the average EAS is $0.20 and the median is $0.05. The median summary statistics for the JMS and EAS by E Index quartiles indicate that there appears to be little relationship between wealth sensitivity and E Index quartiles, and certainly variation within quartiles is more important than variation between quartiles, which suggests that the two testable hypothesis are more or less independent.
We also employ a wide range of proxies of corporate governance, including characteristics of the board of directors and institutional ownership, as well as various characteristics of firms and executives. 28 In particular, we use board equity ownership (average shares owned by board directors as percent of all shares outstanding) and board size, and ownership concentration of institutional block holders (Herfindahl-Hirschman Index) and a dummy variable indicating the presence of large institutional block holders (ownership >5% of shares). We also use executive excess fixed compensation, defined following Berger, Ofek, and Yermack (1997) as the residual term in the ordinary least 27. Whether the JMS or EAS is more important for valueadding incentives depends on whether the marginal product of effort is constant across firm size or increasing with firm size, thus we include both (the former (latter) implies the JMS (EAS) is more important).
28. The set of proxies are widely used in various strands of literature, including Berger, Ofek, and Yermack (1997) , Bertrand and Mullainathan (2001) , Yermack (1996) , among many others. squares regression using cash pay (salary + bonus) as the dependent variable and the set of covariates used in Berger, Ofek, and Yermack (1997) , and executive hidden compensation, defined following Kuhnen and Zwiebel (2008) as the sum of options granted, restricted stock grants, and other compensation. Finally, we use executive tenure and forced turnover, defined as the percentages of nonretiring (less than 62 years old) executives leaving the company in the previous year. Table 2 reports summary statistics for the various proxies of corporate governance. Similar to Equation (14), we estimate the elasticity of taxable income allowing the elasticity of income, as well as the level of income, to depend on corporate governance proxies described above. Because the elasticity of income might be nonmonotonically related to proxies of corporate governance, we use quartile dummies in the case that the proxy is a continuous variable. For notation, we denote quartile dummies using I{Q ∈ Q j } equal to 1 if the governance variable for the executive is within the j th quartile of the distribution. Table 6 reports coefficient estimates for the elasticity of income with respect to the net-of-tax rate using taxable income (Income) in all specifications. With a few exceptions, all of the specifications corroborate that the elasticity of income is decreasing in corporate governance. Specifications (1) and (2) of Panel A indicate that performance pay is inversely related to the elasticity of taxable income. Specification (3) indicates that board ownership is inversely related to the elasticity of taxable income. Specification (4) indicates that ownership concentration is inversely related to the elasticity of taxable income, though the relationship is not monotonic, while specification (5) indicates that the presence of a large institutional owner reduces the elasticity of taxable income. Specification (1) of Panel B indicates that excess fixed compensation is inversely related to the elasticity of income, though the relationship is not monotonic. One explanation for this inconsistent result is that executives in firms with poor corporate governance might receive less cash compensation (salary and bonus) and greater hidden compensation (Kuhnen and Zwiebel 2008) . Consistent with this hypothesis, specification (2) indicates that hidden compensation is positively related to the elasticity of income. Specification (3) indicates that the elasticity of income is increasing in executive tenure, though it decreases among executives with the greatest tenure. Specification (4) indicates that the elasticity of income is decreasing in forced turnover, while specification (5) indicates that the elasticity of income is increasing in board size, though the relationships are not strictly monotonic.
In sum, with a few exceptions, the results are generally consistent with previous findings-that the elasticity of income is inversely related to corporate governance. 
G. Robustness Checks
Next, we demonstrate that the results are robust with respect to particular modeling assumptions using various variations to the baseline model. First, we show that the results are not sensitive to using various quantile groups, besides the four quartiles used in the baseline model. 29 Table 7 demonstrates that the elasticity 29. The partitions were chosen to form the most balanced blocks that are collectively exhaustive and mutually exclusive. 2-Groups represents the partition {{0, 1, 2}, {3, 4, 5, 6}}, 3-Groups represents {{0, 1, 2}, 3, {4, 5, 6}}, 5-Groups represents {{0, 1}, 2, 3, 4, {5, 6}}, and 6-Groups represents {0, 1, 2, 3, 4, {5, 6}}. We do not use the 7 groups because less than 1% of the sample has E Index equal to six. of taxable income is monotonically increasing in E Indices using various quantile groups. That is, variation within quartiles are consistent with variation between quartiles. Specification (4) indicates that, using six quantiles, the income of the lowest sextile does not exhibit an elasticity significantly different from zero, whereas the income of the highest sextile exhibits a markedly elastic response.
Second, we show that the results are consistent using the G Index. We employ the G Index using both quartiles (specification (5)) and as a continuous index (specification (6)). Similar to the baseline model, the estimates for the second and third quartiles are not statistically (2000), which includes return on assets and market value.
*p < .1, **p < .05, ***p < .01 different from each other, but we can reject that the elasticity of the first and fourth quartiles are equal at all conventional significance levels (p value = .000). Specification (6) indicates that a one point increase in the G Index corresponds to an increase in the elasticity of income by approximately 0.3 (similarly a one standard deviation increase in the G Index corresponds to an increase in the elasticity by approximately 0.8). Or equally, the elasticity of income for an executive with a G Index one standard deviation above (below) the mean is 3.05 (1.47). Table 8 performs a number of further robustness checks. Specification (1) uses a quadratic polynomial time trend. 30 Specification (2) controls for year fixed effects, which eliminates all variation in federal tax rates and is, 30. The results are robust using a cubic polynomial as well (not reported). therefore, typically not employed in related studies. 31 Nevertheless, the results still show consistent variation across E Index quartiles. Specification (3) uses only nonimputed E Indices and specification (4) uses only executives with four or more years of data. 32 Specification (5) uses a similar set of firm controls as Goolsbee (2000) , which includes return on assets and market value. Specification (6) uses the baseline model firm controls, the Goolsbee (2000) firm controls, and return on equity. We also allow for 31. All other studies use a linear time trend and do not control for year fixed effects, except where it is possible to identify variation in the tax rate within years (e.g., comparing the top tax bracket with the second highest tax bracket). But that is not possible here because almost all samples are in the top bracket.
32. Excluding executives with limited years of data possibly introduces a survivorship bias as opposed to an attrition bias. Notes: All specifications are identical to Table 3 column 2 (see table notes for more details). The Cluster Level indicates that the estimations use cluster-robust standard errors that are clustered on the corresponding group. For reference, specification (1) replicates Table 3 column 2. Cluster-robust standard errors in parentheses.
*p < .1, **p < .05, ***p < .01 the slopes of the firm-specific control variables to depend on E Index quartiles by interacting all of the firm-specific controls with E Index quartile dummies (not reported). 33 All of the results presented in Table ( 8) corroborate that the elasticity of taxable income is positively related to the internal institutions of the firm.
Clustered Standard Errors. Because the regression model errors might be correlated within firms or industries, the standard errors might be underestimated, thereby overstating the precision of the estimates. To assess the robustness of statistical inference, the baseline regression model is re-estimated using cluster-robust standard errors that cluster on various levels. In particular, we cluster the standard errors at the following levels: (i) executive, (ii) firm by year, (iii) firm, (iv) industry by year, and (v) industry. Clustering at the executive level would account for correlation of the error term within executives (over time), but would not account for correlation of the error term across executives within the firm. Clustering at the firm level would account for correlation across executives within the firm as well as correlation within executives, whereas clustering at the industry level would account for correlation across executives within industries (as well as within firms). We also employ two-way clustering to account for correlation across executives within firms for specific years and across executives within industries for specific years.
Using the baseline empirical model in Table 3 column 2, Table 9 reports the coefficients and 33. Estimating separate models for each E Index quartile is, however, not robust due to the significant loss in degrees of freedom. cluster-robust standard errors for the elasticity of income with respect to the net-of-tax rate (recall clustering does not bear on the coefficient estimates). As expected, employing cluster-robust standard errors increases the standard errors, with the standard errors increasing in the size of the cluster group. All of the coefficient estimates remain statistically significant at conventional significance levels, even after clustering at the industry level.
IV. CONCLUSION
This paper develops a theoretical model that distinguishes between the productive effort and rent-seeking responses to changes in marginal income tax rates. The model generates a lower bound of the rent-seeking elasticity, and derives an empirically-verifiable sufficient condition such that the rent-seeking elasticity is strictly positive-that the elasticity of income is decreasing in corporate governance. We use data on corporate executive compensation and a widerange of proxies for corporate governance and find that the elasticity of income with respect to the net-of-tax rate is monotonically decreasing in corporate governance. We find that rent-seeking represents an important component of the response to changes in tax rates, and leverage the theoretical model to estimate a lower bound of the fraction of the elasticity of income due to rentseeking, which ranges between 36% and 54% for taxable income.
While the empirical results suggest that rent-seeking represents an important response to changes in tax rates, we emphasize that the evidence is indirect in nature and the conclusions are thus circumstantial in nature. To gain further insight, future studies should investigate the actual behavioral responses to changes in tax policy, not just the response of income, or explore further indirect testing. Another indirect test might entail investigating the performance of firms corresponding to changes in tax policy.
Given the high levels of public debt in advanced nations and growing public support for higher taxation on the rich, or at least curtailing the rise in after-tax income inequality, it is likely that many countries, including the United States, will significantly raise top income tax rates. However, as pointed out by Hall and Liebman (2000) , executives manage assets worth billions of dollars and the incentives that the executives face, which are shaped by tax policy, are of substantial importance to economic performance as well as government revenue. Understanding whether tax policy influences rent seeking is, therefore, crucial to understand the efficiency costs associated with reducing income inequality and public debt.
